INTRODUCTION
The avian metapneumovirus (aMPV; family: Pneumoviridae, genus: Metapneumovirus) (Adams et al. 2016 ) is divided into four subtypes (A,B,C, and D) (Juhasz & Easton 1994 , Seal 1998 , Bayon-Auboyer et al. 2000 . These viruses can cause respiratory disease and a drop in egg production in commercial birds, such as turkeys and chickens (Jones 1996) . The aMPV viruses can also infect other birds, including pheasants, guinea fowls and wild birds (Jones & Rautenschlein 2013) . aMPV subtypes A and B have a worldwide distribution (Cook 2000) , whereas aMPV C was isolate in USA, France, Korea and China from commercial birds (Seal 1998 , Lee et al. 2007 , Sun et al. 2014 . Finally, aMPV D was isolated in commercial turkeys in France (Bayon-Auboyer et al. 2000) .
Wild birds seem to act as reservoirs or vectors of aMPV into poultry farms. aMPV introduction in a poultry farm by ABSTRACT.-Rizotto L.S., Simão R.M., Scagion G.P., Simasaki A.A., Caserta L.C., Benassi J.C., Arns C. The present study investigated the circulation of avian metapneumovirus (aMPV) in wild birds in Brazil. To do so, 131 samples from 366 oropharyngeal or cloacal swabs collected from 18 species of birds were tested individually or in pools by RT-PCR. Samples detected by RT-PCR were selected for DNA sequencing. Thirteen (9.9%) samples were detected by the RT-PCR targeting the N gene and four out of 13 samples were sequenced. Sequencing results showed a high identity with the aMPV subtype A. Our results confirm the circulation of the aMPV subtype A in wild birds in Brazil even five years after its last detection. migrating wild birds has already been reported in the United Kingdom (Stuart 1989) . In 2000, the occurrence of this disease in turkey flocks in the USA was correlated to the migration of wild birds (Shin et al. 2000) . Since then, the aMPV subtype C has been isolated in the US and European countries in many avian species, such as wild ducks (Anas platyrhynchos), wild geese, wild Canada geese (Branta canadensis), and blue-winged teals (Anas discors) (Shin et al. 2000 , Bennett et al. 2002 , 2004 , Turpin et al. 2008 , Van Boheemen et al. 2012 . The detection of aMPV subtype A was reported in the white-cheeked pintail (Anas bahamensis), orinoco goose (Neochen jubata), white-eyed parakeet (Psittacara leucophthalmus), rusty-margined guan (Penelope superciliaris) and pigeon (Columba livia) (Felippe et al. 2011) . The detection of anti-aMPV antibodies have also been reported in American coots and crows, egrets, geese, wild ducks, rock pigeons and ostriches (Cadman et al. 1994 , Shin et al. 2000 , Turpin et al. 2008 ). The present study aimed to investigate the circulation of avian metapneumovirus in wild birds in State of São Paulo.
MATERIALS AND METHODS
To achieve this goal, 366 swabs (oropharyngeal or cloacal) were collected from 192 wild birds belonging to 18 species and six different orders: Anseriformes (87.5%), Psittaciformes (6.77%), Columbiformes (4.17%), Strigiformes (0.52%), Piciformes (0.52%) and Falconiformes (0.52%). These swabs were collected from 2013 to 2015 at four different locations of captive birds in the São Paulo state. Swabs were tested as follows according to bird species and location: i) grouped as pools of up to five cloacal-C or oropharyngeal-OP swabs (Spackman et al. 2013) ; ii) grouped as pools of up to two C and OP swabs (Araujo et al. 2014) ; iii) tested individually. Collected swabs were stored in 500µL Brain Heart Infusion (BHI) medium containing antibiotic and anti-mycotic (10000U/mL of penicilin, 10000µg/mL of streptomycin and 25µg/mL of amphotericin B). After collection, samples were stored in -80°C until processing. A total of 131 samples (Table 1) were tested. All swabs were collected according to international, national, and institutional guidelines for the care and use of animals (CEUA-FZEA-USP no. 2012.1.170.74.0, CEUA-FMVZ 5201050214 e CEUA-FMVZ-USP no. 2309251114) and legal approval of ICMBio-Brazil (SISBIO no. 3475-1).
The commercial live vaccines containing subtype A (Poulvac ® TRT, Zoetis Industry) and B (Nemovac ® , Merial Animal Health) were used as positive controls for the RT-PCR reactions. Commercial live vaccines containing Newcastle disease virus (New-Vacin La Sota, Biovet Laboratory) and an infectious bronchitis virus (Bio-Bronk-Vet, Biovet Laboratory) were used as a specified control for the RT-PCR reactions. Viral RNA was purified from 140µL in medium of swabs using a QIAamp ® RNA Mini kit (Qiagen, Hilden) according to the manufacturer's instructions.
RT-PCR targeting the N gene was done using the QIAGEN ® OneStep RT-PCR kit (Qiagen, Hilden) with primers previously described by Bäyon-Auboyer et al. (1999) . Briefly, reactions were tested with 2.5µL of RNA and the final concentration of 1x QIAGEN OneStep RT-PCR Buffer containing 2.5mM of MgCl 2 , 1µL of enzyme mix, 400µM of each dNTP and 0.6µM of each primer and enough water to reach the final volume of 25µL. Reactions were carried out in a C1000 Touch (Bio-Rad, Foster City). Briefly, the RT reaction was carried out at 50°C for 30min. PCR amplification was performed with an initial denaturation step at 95°C for 15min, followed by 40 cycles (95°C for 30s; 51°C for 30s; 72°C for 60s) and a final elongation step at 72°C for 5 min. PCR products (115 bp) were visualized by electrophoresis using a 2% agarose gel stained with SYBR safe (Life Technologies, Carlsbad) in TBE buffer (pH 8.0). A 100 bp DNA molecular ladder (Amresco, Solon) was used to estimate the band size.
Positive samples detected by RT-PCR were amplified in specific pathogen free (SPF) chicken embryonated eggs (CEE). Original samples were centrifuged at 5000xg for 5min, and 100µL was inoculated in the allantoic cavity. Eggs were observed daily for mortality for seven days. Afterwards, the allantoic fluid was collected and stored at -80°C. All allantoic liquids were tested by RT-PCR after three blind passages.
DNA sequencing was done to confirm positive results using the same reactions conditions described above using 10µL of RNA in the final volume of 50µL. Amplicons were purified using the Illustra™ GFX™ PCR DNA and Gel Band Purification kit (GE Healthcare, Buckinghamshire). The DNA sequencing reaction was sent to the CEGH-CEL facility (IB-USP) in duplicate along with each primer (5µM) and purified DNA (50 to 80mg) for DNA sequencing. Sequencing was performed using the BigDye ® Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster City) on an ABI 3730 DNA Analyzer (Applied Biosystems, Foster City). The obtained sequences were evaluated for quality using the Sequence Scanner™ Software 2 (Applied Biosystems, Foster City) and edited by MEGA7 (Kumar et al. 2016) . Afterwards, the obtained sequences and sequences available in GenBank were aligned using Clustal W (Thompson et al. 1994 ) Bioedit Sequence Alignment software version 7.2.5 (Hall 1999) . Phylogenetic analysis and tree constructions were also performed using the MEGA7 software and deduced using the Maximum Likelihood method with a total of 1000 replications on the bootstrap.
RESULTS
The RT-PCR targeting the N gene detected 13 positives (9.9%) out of 131 tested samples. Eight samples were from Anseriformes (Aix sponsa, Aix galericulata, Dendrocygna viduata), three from Columbiformes (Columba livia), one from Falconiformes (Falco sparverius), and one from Psittaciformes (Psittacara leucophthalma). Five (38.4%) samples were detected from OP swabs, four (30.8%) detected samples from C swabs, and the last four (30.8%) detected samples from cloacal and OP swabs together. Positive samples were detected in all locations; among those, three sampling sites had wild (migratory and resident) birds. The fourth sampling site, the commercial birdhouse in Pirassununga, had captive birds which also maintained poultry in this location.
Four (30.7%) out of 13 positive samples were successfully sequenced after the first passage in CEE, although three passages were performed. Phylogenetic analysis was performed using the four samples (two from Aix galericulata, one from Dendrocygna viduata and one from Falco sparverius) based on 115 nucleotides of the N gene using 46 available aMPV sequences in GenBank (Fig.1) . The mean genetic distance between our samples ranged from 0.0% to 0.04%, showing a low genetic distance (0.036 to 0.049) with aMPV subtype A clustering with sequences from Italy, England, Brazil, and Wales. The genetic distances of our samples with other subgroups ranged from to 0.190 to 0.238 with subtype B, 0.218 to 0.251 with subtype D and 0.202 to 0.268 with subtype C. A tree using larger sequences was generated before including the shorter sequences to confirm the obtained tree clusters (data not shown).
DISCUSSION
Our study detected aMPV subtype A in samples from Anseriformes, Columbiformes, Falconiformes and Psittaciformes, which is in acordance with a previous study (Felippe et al. 2011) . Moreover, most positive samples were obtained from wild waterfowl which also in agreement with a recent study (Jardine et al. 2018 ) and previous studies (Shin et al. 2000 , Bennett et al. 2002 , Felippe et al. 2011 , Turpin et al. 2008 .
Waterfowl plays an important role in the maintenance and dissemination of several commercially important viruses, such as, AIV, NDV, including aMPV (Olsen et al. 2006 , Alexander 2007 , Cha et al. 2013 . Wild birds seem to be highly susceptible to aMPV C (Shin et al. 2000 , Bennett et al. 2004 , Van Boheemen et al. 2012 and they seem to be partially susceptible to aMPV A and B (Felippe et al. 2011 , Gharaibeh & Shamoun 2012 .
The virus isolation is a important tool to confirm the infection in birds. In our study, a low virus rate was detected after passage in eggs. These results suggest a limit replication The evolutionary history was inferred using the Maximum Likelihood method based on the Kimura 2-parameter model (Kimura 1980) . The tree with the highest log likelihood (-542.1852 ) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. The initial tree(s) for the heuristic search was obtained automatically by applying the Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, followed by selection of the topology with a superior log likelihood value. The rate variation model allowed for some sites to be evolutionarily invariable ([+I], 60.7571% sites). The tree is drawn to scale, with branch lengths measured as the number of substitutions per site. The analysis involved 46 nucleotide sequences. The codon positions included were 1st+2nd+3rd+Noncoding. All positions with less than 95% site coverage were eliminated. That is, fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed at any position. There were a total of 115 positions in the final dataset. Evolutionary analyses were conducted using the MEGA7 software (Kumar et al. 2016) . The aMPVsequences originated from this study are denoted with a ■ symbol.
in wild birds and it corroborates with the low rates of virus isolation already reported. A experimental study in turkeys, which is the most susceptible specie to aMPV, reported a low virus recovery rate after the 5th day post inoculation (Cook et al. 1991) . Another experimental study in pigeons showed a limit amount of virus in target tissues after infection (Catelli et al. 2012) . Therefore, the limited time and replication of the virus in the tissues and excretions could explain the low rate of virus isolation from wild bird samples in chicken embryonated eggs.
CONCLUSIONS
Our study shows that aMPV subtype A continues to circulate in different wild bird species, although with very limit virus shedding, five years after the last report.
More studies are needed to investigate the role of wild birds in aMPV A epidemiology. Therefore, continuous surveillance in wild birds could be valuable in our understanding of aMPV epidemiology.
